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This  report  presents  en  smlysls  of  the  results  of  a  arlnd  tunnel  Investi¬ 
gation  of  tiw  aarodynamio  and  propeller  oharaoteristios  of  two  wake  pro¬ 
peller  oonfiguratlons  tested  on  a  l/20-soale  powered  model  of  a  modified 
ZPG-3lf  airship.  In  addition,  the  report  compares  the  oharaoteristios  of 
these  oonfiguratlons  with  the  oharaoteristios  of  a  fin-mounted  powerplant 
arrangement  and  a  oonventional  oar-mounted  powerplant  configuration 
previously  tested  on  the  same  basic  model  hull.  All  tests  were  conducted 
in  the  NASA  Full-Scale  Tunnel  at  Langley  Field,  Virginia, 

The  evaluation  of  the  two  wake  propellers,  one  designed  by  fioodyear 
Aircraft  Corporation  and  the  other  proposed  and  designed  by  another 
coit^jany,  indicated  that  the  Goodyear  wake  propeller  was  siQjerior  in  that 
the  alternate  wake  propeller  did  not  pr  oduoe  sufficient  thrust  for  the 
higher  velocities  contemplated.  It  Is  shown  that  a  ^^'ako  propollor  de¬ 
signed  for  a  specific  wake  velocity  distribution  will  produce  propulsive 
effioianoies  approaching  100  percent  and  will  agree  with  the  theoretioally 
predicted  values  for  suoh  a  propeller.  The  wake  propeller  propulsive 
efficiencies  for  the  design  condition  are  approximately  30  percent  higher 
than  the  maximum  efficiencies  obtained  for  conventional  airship  propellers 
operating  in  fre'estroam  conditions, 

The  GAC  wake  propeller  configuration,  the  fin-mounted  powerplant  oonflgura- 
tion,  and  the  convontioiml  car  nountod  powerplant  configuration  are 
compared  on  the  basis  of  the  effects  of  the  various  propulsive  systems 
on  the  performanoe,  stability  and  control  of  an  airship.  The  wake  pro- 
preller  configuration  (with  propeller  operating)  produces  an  increase  in 
endurance  (or  range)  of  approximately  30  percent  over  the  other  configurations 
with  no  appreciable  change  in  stability  and  control  oharaoteristios  due 
to  the  propeller.  The  fin-mounted  powerplant  configuration  results  in  a 
significant  improvement  in  stability  and  control  oharaoteristios  (with 
propellers  operating)  over  either  of  the  other  two  configurations,  with 
propeller  efficiencies  comparable  to  normal  airship  propellers. 
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This  rsport  summarlzas  and  compares  the  results  of  a  wind  tunnel  in» 
vttstigation  oonduotad  in  the  NftSA  Full-Soale  tunnel  at  Langley  Field; 
Virginia  on  a  l/SO-soale  model  of  a  modified  ZP(I-3^  airship  with  four 
propulsive  system  arrangements.  This  is  the  final  report  required  to  ho 
submitted  under  Bufcps  Contract  NOa(s)  5d-900o;  Lot  VI,  Amendments  10 
and  14,  It  was  the  original  intent  to  make  this  report  a  final  sunnary 
report  of  all  four  configurations  tested  but  since  the  requirement  for  a 
separate  analysis  report  for  the  two  wake  propeller  configurations  were 
delated  by  Amendment  14  of  the  subject  oontraot,  it  is  necessary  to 
include  much  of  the  analyses  of  those  configurations  in  this  report  so 
that  all  data  from  which  summary  oonparisons  and  conclusions  are  obtained 
will  bo  readily  available  for  referal  and  to  provide  continuity  and 
completeness  of  the  data  obtained  for  all  propulsive  arrangements.  The 
results  of  the  investigations  of  the  car-mounted  and  fin-mounted  powerplant 
configurations  are  presented  in  Reference  a, 

A  major  advantage  of  the  investigations  now  completed  is  that  all  con¬ 
figurations  utilized  the  same  basic  airship  model  (hull  and  empennage) 
and  were  all  tested  in  the  same  wind  tunnel  facility  at  practically 
identical  conditions,  thus  resulting  in  data  that  can  bo  compared  with 
very  little  regard  to  corrections  duo  to  variable  test  conditions  and 
instrumentaticng  The  models  wero  iootad  o.t  Hoynold’s  Nunibei'S  fi’cm 
12  X  10^  to  18  X  10°  compared  to  the  full  scale  flight  regime  of  approxi¬ 
mately  100  X  10^  to  350  X  10°  which  though  not  exactly  adequate  for 
accurate  simulation  of  full-scale  drag  values  it  is  bettor  than  most 
airship  modal  tests  and  the  comparative  drag  effects  of  the  various  models 
should  have  been  acceptable  and  are  all  that  wore  to  bo  expected  from 
the  tests. 

One  of  the  major  purposes  of  those  Investigations  is  to  evaluate  the 
various  propulsive  arrangements  and  to  determine  the  best  configuration 
for  any  future  application  to  airships  or  to  psslblo  application  to  similar 
bodies  such  as  submarines.  This  involves  both  the  evaluation  of  the 
propulsive  efficiency  of  the  whole  system  and  the  effect  of  the  system 
on  the  vehicle  stability  and  control.  The  tests  of  the  conventional  oar 
(or  outrigger)  mounted  powerplants  configuration  are  used  as  a  basis  for 
ooB^jarison  and  also  to  evaluate  the  Affects  of  Its  propulsive  system  on 
the  well-knovim  stability  and  control  oharactorlstlos  of  unpowored  models. 
'I'he  fin-mounted  pwrerplant  arrangement  has  been  investigated  as  a  system 
that  would  both  decrease  the  noise  and  vibration  level  in  crew  quarters 
of  an  airship,  resulting  in  greater  crew  comfort  and  efficiency,  and  give 
significant  inoreases  in  stability  and  control  of  the  airship.  Two  stern 
propelled  or  wake  propeller  configurations  have  boon  tested.  The  primary 
advantage  of  suoh  configurations  is  that  the  propeller  operates  in  the 
wake  of  the  airship  hull,  which  is  an  area  of  reduced  local  velooities 
compared  to  freestream  conditions,  and  thus  propulsive  efficiencies 
approaching  or  greater  than  100?^  oan  be  attained  with  loss  expenditure 
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of  power  than  with  airship  propellers  operating  in  freestream  conditions 
which  nornally  attain  effioienoies  of  only  J0%  to  85/?«  The  theory  and 
study  of  wake  propellers  is  not  new  but  very  few  S5rsteinatio  attempts 
have  been  ssida  to  properly  design  such  a  propeller  and  to  prove  that  such 
a  design  will  actually  produce  the  predicted  efficienoios  and  performance. 
In  addition  very  little  ej^orimontal  data  is  available  of  the  effect  of 
pitch,  yaw,  or  control  surface  deflootion  on  the  pn  pulsive  efficiency 
or  of  the  effect  of  the  wake  propeller  operation  on  the  aerodynamic 
oharactoristioc,  stability  and  control  of  the  airship. 

An  analytical  study  embodying  the  latest  information  on  the  design  of  a 
propeller  operating  in  the  wake  of  a  body  was  conducted  and  presented 
in  Roferenco  b.  From  this  study  Goodyear  Aircraft  Corporation  designed 
a  wake  propeller  for  the  l/20-8oale  airship  model  on  the  basis  of  v/aks  or 
boundary  layer  measurements  made  on  the  model  during  previous  tests  on 
a  dummy  tail  cone  (reference  i)  at  the  proposed  location  of  the  wake 
propeller.  This  wake  propeller,  hereafter  referred  to  as  the  GAC  propeller 
was  installed  and  tested  on  the  l/20-scale  model  of  a  modified  ZPG-31V 
airship. 

In  addition  to  the  GAC  propeller,  the  subject  contract  required  the 
contractor  to  fabricace  and  test  a  model  wake  propeller,  similar  to  a 
helicopter  rotor,  designed  and  proposed  by  Gonoral  Development  Corporation 
and  subsequently  Transcendental  Aircraft  Corporation,  Design  information 
for  this  configuration,  referred  to  as  the  Transcendental  Propeller  or 
Rotor,  was  obtained  from  References  o  and  d  and  the  contractors  inter¬ 
pretation  and  model  concept  of  their  design  was  approved  by  personnel 
associated.with  the  project. 

Figures  1  thru  5  present  a  descriptive  arrangement  and  photographs  of  the 
GAC  and  Transcendental  Wake  Propeller  configurations.  Figures  6  thru  15 
present  the  wake  characteristics  for  which  the  GAC  propeller  was  designed 
and  pertinent  propeller  design  data  and  curves. 

The  first  portions  of  this  report  presents  the  analysis  of  the  wake 
propeller  configurations  and  the  second  portion  compares  all  configurations 
tested  on  the  basis  of  performance,  stability  and  control. 
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III  ANAUSIS  OF  THE  WAKE  PROPELLER  CONFIGURATIONS 


A.  Deaerlption  of  Test  and  Instrumentation 

Detailed  descriptions  of  the  test,  test  program,  instrumentation 
and  models  are  given  in  References  (e)  and  (f)  and  only  a  brief 
description  will  be  given  in  this  report.  The  l/20-scale  model 
consisted  of  a  sealed  version  of  the  ZPG-3W  envelope  or  hull  with 
the  inverted  "Y"  empennage  utilized  during  the  car-mounted  power- 
plant  tests.  The  complete  model  was  mounted  on  a  single  strut 
from  the  wind  tunnel  balance  system  which  also  provided  pitch 
actuation.  In  order  to  accommodate  a  strain-gage  drag  beam 
device  for  more  accurate  drag  measurement  during  these  tests 
a  much  larger  (in  height  or  depth)  car  than  the  normal  ZPG-3W 
car  tested  on  the  other  configurations  was  fabricated  and  in¬ 
stalled  for  all  the  wake  propeller  tests.  The  motor  which 
provided  power  to  the  propeller  was  mounted  in  the  aft  end  of 
the  hull  on  a  strain-gage  mount  which  measured  propeller  thrust 
and  torque. 

Boundary  layer  total  and  static  pressure  surveys  were  made  during 
the  propulsive  efficiency  evaluations  at  two  stations,  one  and 
two  propeller  radii  forward  of  the  GAC  propeller  plane.  The  rakes 
were  mounted  on  the  hull  60°  from  the  top  center-line  so  that  the 
fin  and  ruddervator  influence  was  negligible  or  minimum.  Wake 
surveys  also  wei'e  coaiucted  one  foot  al’L  of  the  propeller  plane 
for  all  major  propeller  efficiency  tests.  In  addition,  the  hull 
was  provided  with  25  flush  mounted  static  pressure  orifices 
located  along  the  side  center  lines  of  the  hull  to  provide  infor¬ 
mation  about  hull  pressure  distributions  with  and  without  propeller 
operation.  All  these  additional  data  were  acquired  to  provide 
information  about  the  effect  of  wake  propeller  operation  on  the 
parameters  measured  and  to  provide  a  possible  basis  for  propeller 
design  improvements  or  in  the  case  of  hull  pressure  to  evaluate 
the  change  in  pressure  drag  of  the  airship  hull  due  to  the 
propeller . 

Basically  the  test  program  consisted  of  a  propeller  or  propulsive 
efficiency  portion  wherein  data  was  obtained  for  a  range  of 
operating  conditions  for  each  propeller  and  a  second  portion 
which  evaluated  the  effects  of  propeller  operation  on  the  aero- 
ch9r^ct<?rl5?t.i.cs  to  pi.t.c*h  rind  clcvstor  dsflsction  snd 
conversely  the  effects  of  pitch  (angle  of  attack)  and  elevator 
deflection  on  the  propeller  efficiency.  Since  the  model  was 
mounted  on  the  tunnel  balance  system,  six  component  force  data 
were  measured  for  most  portions  of  the  test  program. 
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It  should  be  noted  that  all  calculations  and  data  for  these  tests 
are  based  on  data  obtained  from  MSA  as  preliminary  data  on 
13  May  I960.  Since  this  time,  some  of  these  data  have  been 
corrected  by  NASA  personnel  and  it  is  felt  that,  with  all 
corrections  which  wore  forwarded  to  the  contractor  by  NASA, 
the  data  now  employed  represents  the  final  data  which  is  or 
will  be  presented  in  Reference  (f).  During  the  present  analysis 
some  apparent  discrepancies  have  been  discovered  or  noted  and 
whenever  possible  were  relayed  to  NASA  personnel  for  their  con¬ 
sideration  and  utilization. 

The  propeller  efficiency  evaluations  were  conducted  at  two  free- 
stream  tunnel  velocities  in  order  to  cover  the  operating  range 
for  the  propeller  blade  angles  (/3 )  investigated.  The  two  tunnel 
velocity  settings  utilized  are  often  referred  to  as  the  twelfth 
and  twenty-first  tunnel  points  or  in  abbreviated  form,  12TP  and 
21TP,  and  correspond  to  freestroam  velocities  of  approximately 
9^  ft/sec  and  140  ft/sec  respectively  with  the  slight  variances 
in  velocity  at  a  setting  being  mainly  a  function  of  temperature, 
humidity  and  air  density. 


The  GAC  and  Transcendental  Wake  Propellers  were  each  tested  at 
three  blade  angles  for  the  following  range  of  advance  ratios 
(Y/nD),  power  coefficients  (Cp),  and  thrust  coefficients  (C,p) 


Propeller 

Blade 

Cp 

Ct 

Angle 

Range 

Range 

Range 

GAC 

15° 

0.5  to  1.0 

0  to  .05 

0  to  .09 

GAC 

20° 

0.6  to  1.35 

0  to  .075 

0  to  .11 

GAC 

25° 

0.7  to  1.6 

.02  to  .12 

0  to  .13 

Trans. 

20° 

0.5  to  1.2 

,03  to  .065 

.02  to  .09 

Trans. 

25O 

0.6  to  1.4 

.045  to  .10 

,04  to  .10 

Trans. 

30° 

0.5  to  1.5 

.085  to  .145 

.08  to  ,11 

B,  Propulsive  Efficiency  Evaluation 
1.  Apparent  Efficiency 

Figures  16  thru  19  present  the  measured  variations  of 
propeller  thrust  and  power  coefficients  with  advance  ratio 
for  both  the  GAC  and  Transcendental  configurations  and  were 
obtained  from  the  strain-gage  instrumented  motor  mount.  The 
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apparent  propeller  efficiency  (TL)  is  obtained  from  these 
data  from  the  conventional  formula; 

=  5  (’^/nD) 

and  the  results  are  plotted  in  Figures  20  and  21  for  the 
two  propellers.  Those  efficiencies  are  denoted  as  apparent 
efficiencies  since  they  do  not  truly  represent  the  propulsive 
efficiency  of  the  whole  system  of  the  vehicle  and  propeller. 

During  the  tests  of  the  Transcendetal  propeller  it  was  noted 
that  for  the  recommended  blade  angle  of  17°  (Ref.  c)  and  also 
at  15°  and  20°  insufficient  thrust  was  developed  by  this 
propeller  to  match  the  drag  at  V  ^  140  ft/sec  (21TP).  In 
an  attempt  to  increase  the  propeller  thrust  the  Transcendental 
test  program  was  changed  and  all  tests  were  conducted  for 
blade  angle  settings  of  20°,  25°,  and  30°.  Although  this 
increased  the  thrust  to  some  extent  it  was  still  deficient 
and  less  than  the  model  drag  at  the  JtlTP  velocity.  Con¬ 
sequently,  tests  were  conducted  at  RPM's  up  to  8000,  or 
3000  RPM  above  those  programmed,  with  the  propeller  thrust 
still  being  less  than  the  drag  at  V  =  140  ft /sec.  Due  to 
strnr,;:  1  io  r.;'.  To:'  su'-.i-tinod  oppration  it  was  not  advisable 

to  run  these  propellers  over  8000  RPM  and  no  further  atteirpts 
were  made  to  obtain  more  thrust.  The  apparent  efficiencies 
for  the  Transcendental  propeller  atT=Dfor  9^+  ft/sec  are 
less  than  the  comparable  apparent  efficiencies  for  the  GAC 
propeller  at  T  =  D  at  thlsvelocity  and  at  V  '=  140  ft/sec. 
Therefore,  since  the  Transcendental  rotor  configuration 
produced  lower  apparent  efficiencies  and  did  not  produce 
Sufficient  thrust  at  V  “^140  ft/ sec  it  is  not  considered 
desirable  to  continue  with  any  further  analysis  effort  on 
this  configuration.  Reference  (f)  presents  data  showing 
the  thrust  deficiency  for  the  Transcendental  propeller  with 
V  ^  140  ft/ sec , 

2,  Effective  Efficiency  (T]e  ) 

Thetffective  efficiency  in  moving  the  airship  through  the 
air  must  take  into  account  ail.  drag  increments  which  are  a 
direct  result  of  the  wake  propeller  operation  or  its  pro¬ 
pulsion  system.  These  include  such  drag  losses  (or  increases) 
as  propeller  blade  profile  drag  and  any  increase  in  the  airship 
frictional  drag  and  profile,  or  pressure  drag  due  to  propeller 
operation.  Generally  the  predominant  increase  in  drag  is 
produced  by  the  reduction  in  positive  pressures  over  the 
extreme  aft  end  of  the  airsiiip  hull  due  to  propeller  operation. 
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The  increase  in  frictional  drag  due  to  the  increased 
velocity  in  the  boundary  layer  with  the  propeller  running 
is  relatively  small  since  only  a  small  portion  of  the  hull 
is  affected  (approximately  5^  Lto  85?L  at  the  aft  end). 

The  effect  of  propeller  profile  drag  on  the  wake  propeller 
efficiency  was  investigated  in  Reference  (b)  and  generally 
it  can  be  conservatively  concluded  that  this  mighi;  reduce 
the  apparent  efficiency  by  10  to  20  percent  depending  upon 
the  propeller  RPM.  This  reduction  is  extremely  difficult 
to  estimate  exactly  since  the  profile  drag  of  a  wake  pro¬ 
peller  is  also  dependent  upon  the  amount  of  turbulence  in 
the  wake.  It  should  also  be  recognized  that  the  measured 
thrust  of  the  model  propeller  includes  the  propeller  drag 
and  therefore  is  accounted  for  in  our  data  analysis. 


Regardless  of  the  origin  of  the  increases  in  drag  due  to  the 
wake  propeller  the  total  change  in  drag  could  bo  evaluated 
from  the  measured  drag  with  the  propeller  off  and  that 
measured  with  the  propeller  operating  and  utilized  to 
determine  the  effective  efficiency  of  the  configuration. 

The  change  in  total  drag  due  to  propeller  operation  would 
be  subtracted  from  the  measured  thrust  to  obtain  the 
effective  thrust  utilized  to  propel  the  airship  with  a 
wake  propeller, 

a .  Chanr.e  in  Drat-r  Due  to  Wake  Pr'opeller  Operation 

It  was  recognized  early  in  the  planning  stages  of  these 
tests  that  the  highest  possible  accuracy  in  the  measure¬ 
ment  of  drag  would  be  required  to  yield  acceptable  values 
since  the  changes  in  drag  would  usually  be  the  difference 
between  two  relatively  small  nambers.  Therefore,  NASA 
personnel  designed  and  fabricated  a  drag  balance  instrumented 
with  strain-gages  that  was  to  be  mounted  in  the  airship  car 
and  attached  to  the  main  tunnel  support  strut.  This  drag 
balance  would  be  free  of  strut  tare  drags  and  would  only 
require  correction  for  the  effect  of  strut-car  interference 
drag.  It  was  predicted  that  the  accuracy  of  this  balance 
would  be  at  least  -0.1  [X)und  of  drag.  The  size  of  the 
drag  balance  necessitated  the  fabrication  by  NASA  of  a 
larger  (deeper)  car  as  noted  previously  to  accommodate 
it,  but  unroituriately  either  trie  balance  deflections 
exceeded  expectations,  or  excessive  vibration  was  present, 
or  the  car  was  just  not  large  enough  and  much  of  the  data 
was  not  usable  due  to  apparent  fouling  between  the  car  and 
drag  balance  device.  Therefore,  rather  than  try  to  guess 
or  find  which  data  was  good  and  which  bad  all  data  obtained 
from  this  source  has  been  discarded  as  inaccurate  and  thus 
drag  data  of  probable  high  accuracy  is  not  available. 
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There  are  two  alternate  means  of  drag  change  evaluation 
available;  the  first  is  evaluation  of  the  drag  measured 
by  the  wind  tunnel  balance  system  and  the  second  is  the 
determination  of  the  pressure  drag  from  the  integration 
of  the  hull  pressure  distributions  measured  during  the 
propeller  efficiency  evaluation.  Both  methods  are  con¬ 
sidered  to  be  less  accurate  than  the  desired  accuracy  as 
the  stated  accuracy  of  the  tunnel  balance  system  is  in  the 
order  -.2  lb  for  drag  and  it  has  always  been  recognized 
that  the  integration  of  a  single  row  of  hull  static  pressures 
(with  their  possible  fluctuations  and  inaccuracies)  Is  not  a 
highly  accurate  procedure  to  determine  pressure  drag.  How¬ 
ever,  since  the  determination  of  the  drag  change  due  to  the 
propeller  operation  is  absolutely  necessary  for  the  evalua¬ 
tion  of  the  propulsive  efficiency,  which  is  needed  to  prove 
the  wake  propeller  theory  and  concepts,  an  attempt  has  been 
made  to  evaluate  the  drag  by  the  two  altei'nate  methods, 

( 1 )  Drag  Evaluation  from  Wjnd  Tunnel  Force  Balance  System 

The  first  attenpt  to  determine  the  drag  change  due  to 
propeller  operation  was  made  directly  from  the  measured 
drag  coefficients  for  the  various  operating  conditions 
along  with  the  measured  propeller  torque  or  power. 

The  drag  changes  which  are  sought  are  mainly  those  due 
to  ttio  axiiil  vciuciLy  Lticrcase  in  the  propeller  area 
and  their  effect  on  hull  pressures  and  from  classical 
and  experimental  propeller  theory  the  axial  velocity 
increase  due  to  a  propeller  is  primarily  a  function  of 
the  thrust  coefficient  (Cx).  Therefore,  the  measured 
differences  in  drag  coeffleient  from  the  propeller 
running  and  the  propeller  off  were  plotted  against 
Cx.  These  data  are  very  erratic  and  could  not  be 
faired  into  any  logical  variation  and  were  abandoned 
as  being  too  inaccurate. 

A  second  evaluation  of  the  tunnel  force  system  data 
was  condiicted  on  the  basis  of  the  following  derived 
method.  If  we  define  the  effective  drag  coefficient 
(Cpj  )  as  the  difference  in  the  drag  measured  with 
the  propeller  off  and  the  drag  measured  with  the 

1  or*  r*»  i  r>  r» -i  rf  +  Vt  o  rnTlnwinrr  T*o  1  3+  i  Vi  T  ri  nf* 

VX  ,r..w  ^  w..  - - .  .w  ...... 

items  measured  can  be  determined  when  it  is  understood 
that  the  tunnel  balance  system  also  "feels"  the  thrust 
of  the  propeller  or  the  net  drag  (or  thrust)  of  the 
whole  airship  system. 
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Then 


Let  Cjj  =  Drag  coefficient  without  propeller 
0  or  basic  model  drag  coefficient 

Gn  “  Drag  coefficient  with  propeller 
running 

^  =  Cq^  -  (Cd^  +  ACd  -  Cd^) 


where:  ACd  =  increase  in  drag  due  to  propeller  operation 

~  measured  propeller  thrust  converted  to 
^  drag  terminology 

T. 


meas. 


q  V  2/3 

This  equation  reduces  to  the  form: 


=  C 


Qj.  - 


It  can  also  be  shown  that  Cd^  is  proportional  to  or 
can  be  converted  into  the  effective  thrust  (T  -  AD) 
and  llien  ir.to  the  el'I'ecLLve  thrust  coefi’ic lent  (C^g) 
from  which  the  effective  efficiency  can  be  determined. 

By  definition  and  since  the  previous  derivation  shows 
that  the  effective  thrust  (Tg)  is  equal  to  the  effective 
drag  (Dg)  then: 


Ct  (O 


PROP 


Cd^  q  V 


2/3 


or  C-p 


^  Cpg  1/2^ 


=  Cr 


y2v2/3 


,2n^- 


n^D' 


PROP 


PROP 


..  2  .2/3 
e  YiU  2D  ppiop 


2/l 

Substituting  the  given  values  of  the  (volume)  ' and  the 
propeller  diameter  the  following  relationship  is  established 
for  the  GAC  propeller  data. 


4.025  (C„^) 
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or 


C-  =  4.025  (Cd  -  Cd  ) 

Tg  ^run  nD 


since  T)  =  —  (V/nD) 

L  Cp 

then  Tie  =  (_x.)  . 

nD 


4.025(Cdjj  -  CDj.^^)  (-^)^ 

C 

P 


With  this  equation,  utilizing  the  actual  measured  values 
of  Cq  ,  Cq  ,  V/nD  and  faired  values  of  Cp  obtained  from 
FigurS  17, effective  efficiency  is  derived  in  a 
slightly  different  manner  although  the  same  data  as  before 
is  utilized.  These  effective  efficiencies  are  plotted 
against  the  propeller  advance  ratio  in  Figure  33* 

Another  slightly  different  variation  utilizing  these  same 
basic  data  can  be  obtained  by  plotting  Cq  vs  V/nD  as 
presented  in  Figure  37  and  using  the  fairld  variations  of 
both  Cj)  and  Cp  in  the  above  equation.  These  data  for 
are  also  plotted  in  Figure  33. 

(2)  Pressure  Drag  Evaluation  from  Hull  Static  Pressure 
Distributions 

It  is  usually  considered  that  the  major  change  in  drag  of 
the  airship  due  to  the  wake  propeller  Is  due  to  the  change 
in  hull  pressure  drag  as  noted  previously. 

Therefore  since  the  propeller  profile  drag  is  included 
in  the  measured  thrust  and  if  it  is  assumed  that  the 
change  in  hull  frictional  drag  is  small  or  negligible, 
the  evaluation  of  the  pressure  drag  for  the  various 
propeller  conditions  should  result  in  a  close  approxi¬ 
mation  of  the  total  drag  change. 

Naturally  since  it  will  be  used  for  every  data  point  of  the 
pixjpellei'S  opei'rf L i iig  i'ai'ige  tile  iiiagriitudc  of  the  pressure 
drag  of  the  hull  without  the  propeller  is  very  important. 

The  hull  static  pressures  were  obtained  for  the  propeller-off 
condition  but  due  to  faulty  camera  operation  (improper  lens 
opening)  during  this  particular  set  of  tests  the  pictures 
of  the  manometer  tubes  were  extremely  faint  and  the  fluid 
levels  could  not  be  accurately*  read  although  many  attempts 
were  made  to  increase  th,elr  legibility  by  use  of  photo¬ 
graphic  techniques,  magnifying  glasses  and  other  means. 
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The  best  values  obtained  were  erratic  and  did  not 
eorapare  at  all  with  theoretical  values  or  aaasurements 
made  on  other  models  as  given  In  References  (g)  and  (h). 
Therefore  it  was  necessary  and  judged  to  be  valid  to 
utilize  hull  pressure  data  obtained  with  the  propellers 
running  at  very  low  RPM  and  practically  zero  thrust. 

Testa  of  this  nature  (approx,  zero  thrust)  for  both 
propellers  (GAC  and  Transcendental)  at  each  blade  angle 
were  utilized  in  determining  the  average  pressure  dis¬ 
tribution  over  the  hull  length  for  both  tunnel  test 
velocities.  The  average  values  of  the  hull  static 
pressures  for  these  apprcKimately  zero  thrust  conditions 
are  plotted  in  Figures  22  and  23  and  compared  with 
measured  hull  pressures  from  other  model  tests  of 
References  (g)  and  (h).  These  comparisons  indicate 
that  the  utilization  of  the  low  thrust  average  static 
pressures  as  zero  thrust  or  power  values  is  a  reasonable 
or  very  good  substitution  as  the  various  distributions, 
especially  compared  to  the  Reference  (g)  data,  show 
excellent  agreement. 

It  can  be  shovan  that  the  pressure  drag  of  an  airship  can 
be  obtained  by  integrating  the  area  of  the  curve  formed 
by  plotting  the  non-dimensional  hull  static  pressures 
against  the  square  of  the  local  hull  radius  at  the  longi¬ 
tudinal  location  of  the  pressure  orifice. 

The  resultant  mathematical  expression  is : 

'fl®  'll/*! 
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Figures  24  and  25  present  the  variation  of  the  quasi- 
‘propeller  off  non-dimensional  hull  static  pressures 
plotted  against  the  square  of  the  local  radius  corresponding 
to  the  longitudinal  location  of  each  orifice  for  the  two 
freestream  tunnel  velocities  utilized  during  these  tests. 
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Integration  ot  these  curves  yield  pressure  drag 
coefficients  of  0,0059  and  0,005^  for  the  IZTP 
(Vq  »  9^  ft/sec)  and  21?P  (V  140  ft/seo), 
respectively.  These  two  valfies  represent  and  are 
used  as  the  airship  pressure  drag  .coefficients  for 
the  propeller  off  or  zero  thrust  condition.  As  an 
indication  of  their  relative  accuracy  Figure  26  plots 
these  values  as  a  function  of  Reynold's  Number  along 
with  pressure  drag  coefficients  obtained  from  Reference 
(g)  and  (h)  data. 

The  hull  static  pressure  distributions  for  all  the  GAC 
propeller  operating  conditions  of  the  efficiency  evaluation 
were  plotted  in  the  same  manner  as  Figures  24  and  25  and 
were  integrated  to  obtain  the  pressure  drag  for  each 
condition  and  the  corresponding  increase  in  drag  due  to 
propeller  operation.  TjT'ical  variations  of  these  power-on 
data  arc  given  in  Figures  27  through  35  for  both  the  GAC 
propeller  and  the  Transcendental  propeller.  The  GAC 
propeller  data  is  for  the  design  blade  angle  of  /6  =  20° 
and  the  various  curves  show  the  decrease  in  positive 
pressure  over  the  aft  portion  of  the  hull  as  the  propeller 
thrust  (or  C-j.) increases ,  resulting  in  an  increase  in 
pressure  drag  and  thus  a  larger  change  in  pressure  drag 
with  respect  to  the  propeller  off  condition.  Since  the 
hull  contour  and  the  local  axial  velocity  determine  the 
hull  pressures  and  because  the  increase  in  the  axial 
velocity  due  to  a  propeller  is  primarily  a  function  of  the 
thrust  coefficient,  the  increases  in  pressure  drag  for  the 
GAC  propeller  are  plotted  in  Figure  36  as  a  function  of  Gp 
for  the  three  blade  angles  investigated  at  each  tunnel 
velocity. 

The  variations  of  with  C,p  in  Figure  36  indicate  that 

in  these  tests  the  change  in  pressure  drag  is  hi^ly 
dependent  on  the  propeller  blade  angle  and  freestream 
velocity.  The  valup  of  ACj^  increases  with  decreasing 
blade  angle.  It  was  at  fir^  believed  that  there  should 
be  very  little  effect  due  to  the  relatively  small  dif¬ 
ference  in  the  two  velocities  utilized.  As  will  be  shown 
in  a  later  section  of  the  report,  there  are  differences 
in  the  non-dimensional  boundary  IcQrer  and  wake  velocities  for 
the  two  tunnel  velocities  employed  which  might  oe  a  reason 
for  the  dependence  on  freestream  conditions.  An  additional 
factor  which  might  contribute  to  the  variation  of  drag 
change  with  freestream  velocity  is  one  of  the  possible 
reasons  for  the  drag  coefficient  differences  at  the  two 
tunnel  velocities  as  measured  on  the  tunnel  balance  system 
for  the  propeller  off  condition.  These  values  corrected  for 
strut  tare  effects  and  other  standard  corrections  resulted 
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In  values  of  ,0208  and  .0215  for  the  12  TP  and  21  TP, 
respectively.  Since  the  lower  velocity  (12TP)  has  a  lower 
drag  coefficient,  which  is  contrary  to  noraal  test  values 
obtained  at  Reynolds  Numbers  within  the  turbulent  flow 
regime,  it  nd^t  be  concluded  that  the  lower  TP  tests,  which 
have  a  Reynolds  Number  of  approximately  12  x  10°,  are  either 
experiencing  laminar  flow  conditions  or  possibly  are  in  the 
transition  region.  The  majority  of  airship  test  data  indi¬ 
cates  that  this  test  should  have  had  turbulent  flow  at  this 
Reynolds  Number  although  it  is  close  to  the  transition  region 
and  therefore  it  is  possible  that  a  lower  total  drag  coef¬ 
ficient  could  have  been  measured.  It  is  also  possible  that 
the  car  drag  might  have  an  appreciable  effect  on  these  values. 
During  tare  evaluations  car  drag  coefficients  i/ere  ascertained 
with  the  CDggj  at  the  21  TP  being  almost  twice  as  large  as 
that  at  the  12  TP.  If  these  measured  car  drag  coefficients 
are  subtracted  from  the  measured  total  drag  coefficients, 
the  resulting  values  of  Cq  =  .0189  for  the  12TP  and  Cq  = 

.0183  for  the  21TP  show  a  more  normal  relationship  with  the 
airship  Reynolds  Number.  Although  the  exact  reasons  as  to 
the  behavior  of  the  ACpp  values  can  only  be  theorized  at 
this  time,  the  values  plotted  are  accepted  along  with  the 
knowledge  that  the  integrations  of  these  curves  based  on 
hull  pressures  along  one  plane  are  subject  to  possible 
inaccuracies. 

Values  from  the  faired  curves  of  Figure  36  were  converted 
into  drag  values  in  pounds  and  utilized  with  the  measured 
thrust,  velocity  anti  horsepower  to  obtain  the  effective 
efficiency  from  the  following  eejuation. 


7\  =  (T  -  ^ _ 

550  BHP 

2/3 

Where  AD  =  ACn  q  V  ,  lbs 
P 


T  V 
e 

550  BHP 

(  ACt)  from  Fig.  36) 
P 


T  =  Measured  thrust,  lbs. 

Tg  -  Effective  Thrust,  lbs. 

V  =  Freest ream  tunnel  Velocity,  ft/sec 

BHP  =  Horsepower  obtained  from  measured  torque 


The  results  of  these  calculations  for  the  GAG  wake 
propeller  configuration  are  plotted  in  Figure  38  along 
with  the  efficiencies  obtained  fron  the  drag  measurements 
of  the  tunnel  balance  system. 
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b,  Dlaeurelon  of  Effective  Efflclenetes 

The  effective  propulsive  efficiencies  for  the  GAG  wake 
propeller  at  three  blade  angles  as  determined  by  the  three 
methods  discussed  previously  are  shown  in  Figure  38  along 
with  the  apparent  efficiencies  (7|^)  obtained  from  Figure  20. 
The  most  evident  item  is  the  separate  variations  of  7^, 
calculated  from  the  hull  pressure  drag,  for  the  two  velocities 
involved  along  with  the  decreasing  variance  (less  separation 
between  the  two  velocity  curves)as  the  blade  angle  is  in¬ 
creased.  In  general,  the  three  methods  for  obtaining  Tie 
agree  fairly  well  at  low  V/nD  (high  thrust  values)  but  show 
marked  disagreement  at  high  V/nD  (low  thrust  values)  and 
in  fact  the  effective  efficiencies  derived  from  force  data 
show  unrealistic  values  at  high  advance  ratios  (above 
V/nD  =  l.O).  It  is  believed  that  this  is  due  to  the  in¬ 
accuracy  of  all  the  measurements  including  drag,  thrust,  and 
torque  which  are  relatively  small  in  this  range.  The  shape 
and  magnitude  of  the  effective  efficiency  curves  were 
expected  to  correspond  to  those  indicated  by  the  evaluations 
of  the  pressure  drag  except  for  the  variation  with  the  two 
velocities.  Since  thrust  measurements  were  corrected  for  a 
"base  pressure"  existing  on  the  motor  mount  without  the 
propeller,  it  is  possible  that  this  "base  pressure"  correction 
varied  wit.h  the  RPH  or  thrust  of  the  propeller  although  no 
data  is  available  from  which  this  effect  could  be  evaluated. 
The  variation  with  velocity  cannot  be  satisfactorily  explained 
aside  from  theorizing  about  the  relative  effect  of  the  pro¬ 
peller  thrust  on  the  non-dimensional  pressures  on  the  aft 
hull  (for  the  two  velocities)  which  were  measured  and  found 
to  differ  even  with  zero  power.  The  decreasing  effect  of 
velocity  with  increasing  blade  angle  indicates  that  the 
velocity  effect  might  be  due  to  propeller  characteristics 
not  envisaged  in  the  design. 

The  boundary  layer  and  wake  velocity  measurements  discussed 
later  in  this  report  show  some  differences  for  the  two  veloci¬ 
ties  and  might  have  some  effect  on  the  efficiencies.  However, 
reference  (b)  investigated  theoretically  the  influence  of  a 
different  wake  velocity  distribution  on  a  particular  wake 
prOfteller's  characteristics  which  indicated  minor  differences 
in  the  efficiencies  obtained  and  definitely  not  as  large  as 
the  12^  approximate  difference  shown  for  the  two  velocity 
conditions  obtained  from  the  p'^sssure  drag  evaluations  at 
the  design  V/nD  of  .91  and  blade  angle  of  20°. 

At  the  design  conditions  for  the  propeller  =  20°, 

V/nD-  =  .91,  T=D=20  lbs,  BHP  ^  5,  V  =  l40  ft/sec)  an 
effective  efficiency  of  approximately  98^  had  been  predicted 


CONFIDENTIAL 


L'.i 


mn-C)  nr 


C 


i 


CONFIDENTIAL 

in  Reference  (e).  The  plotted  test  data  of  the  various 
methods  at  V/nD  =  .9I  ranges  from  7\e  “  to7\e”  10^ 
with  almost  exactly  98^5  being  observed  from  the  pressure 
drag  data  at  Vq  ~  9^  ft/sec.  Thou^  it  could  be  claimed 
that  the  predicted  efficiency  was  obtained  or  exceeded 
by  moat  of  the  data,  and  that  a  wake  propeller  can  thus 
be  designed  that  will  produce  predicted  efficiencies  and 
thrust,  and  will  absorb  a  certain  amount  of  power;  it  is 
probably  more  appropriate  to  state  that  the  theories  and 
design  of  wake  propellers  have  been  essentially  substan¬ 
tiated  but  that  some  items  need  further  analysis  and 
investigation  or  must  be  ignored  on  the  basis  of  the 
accuracy  of  the  determination  of  Tig. 

When  it  is  considered  that  the  preferred  method  of  drag 
evaluation  could  not  he  utilized,  the  effective  efficiency 
variations  of  Figure  38  are  almost  better  than  could  be 
expected  but  do  not  yield  quantitative  values  which  could 
be  used  in  any  exact  performance  comparison  that  would  show 
the  distinct  advantages  of  this  type  of  propulsive  system 
over  the  conventional  or  fin  mounted  powerplant  arrangements. 
General  comments  and  information  pertaining  to  the  performance 
characteristics  are  made  in  Section  IV  of  this  report, 

C .  Effect  of  Angle  of  Attack  and  Elevator  Deflection  on  Wake  Propeller 
Ef  ficienc.v  ( 7L\  ^ 

The  effect  of  angle  of  attack  and  elevator  deflection  was  measured 
on  the  model  subsequent  to  the  basic  efficiency  evaluation. 

Figure  39  shows  a  comparison  of  the  efficiency  data  obtained 
during  the  basic  propeller  evaluation  and  the  efficiencies 
obtained  for  three  power  settings  (RPM's)  at  or  near  thrust 
equals  drag  for  a  range  of  argles  ol’  attack  from  -10°  to  +10° 
and  an  elevator  deflection  range  from  +20°  to  -20°.  The  apparent 
efficiencies  obtained  during  these  tests  at  OC=  0°  and  S  e  =  0° 
are  identified  and  a  curve  drawn  through  them  v;hile  most  of  the 
other  data  is  not  identified  explicitly  but  just  shown  as  a  value 
to  establish  an  envelope  curve  for  comparative  uses.  Figure  40 
shows  the  effect  of  angle  of  attack  on  for  the  three  power 
settings,  while  Figure  41  plots  the  variation  of  with 
elevator  deflection,  and  Figures  42  and  43  show  the  effect  of 
canbined  elevator  and  angle  nf  att.nnk  nn  the  apparent  efficiency 
for  one  or  two  power  settings  only.  The  following  conclusions  are 
derived  from  these  data: 

(a)  At  OC  =  0°  the  effect  of  elevator  deflection  on7|_^  is 

negligible  up  to  10°  or  20°  (T.E.  up  or  down)  with  a  maximum 
increase  due  to  20°  down  elevator  of  three  percentage  points 
being  measured  at  the  low.st  power  setting  (highest  V/nD). 

(bee  Figure  41) 
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(b)  There  is  a  steady  decrease  in  Tl^  with  +  oL  wi'Ui  an 
average  maximua  decrease  for  the  three  power  settings 
of  approximately  8  percentage  points  at  OC=  +  10® 

(See  Figure  40). 

(c)  Disregarding  the  point  at  negative  oC's  obtained  for* 
the  low  power  setting  since  they  appear  to  be  in  error, 
it  can  be  seen  that  the  efficiency  increases  slightly 
to  OC  =  -5°  and  then  decreases  to  an  efficiency  at 

OL  =  -10°  which  is  only  slightlj'  less  than  the  efficiency 
measured  at  OC  =  0®.  (See  Figure  4o) 

(d)  The  effects  of  combined  elevator  and  angle  of  attack  are 
generally  the  same  as  for  plain  elevator  and  plain  angle 
of  attack  with  the  effect  ofoC predominating  and  relatively 
small  effects  due  to  elevatoi-  at  any  particular  attack 
angle.  (See  Figures  ^2  and  43) 

A  few  comments  are  in  order  with  regards  to  the  comparisons 
presented  in  Figure  40  and  the  values  obtained  from  the  lowest 
power  setting  of  4220  RPM  (V/nD  1.0^8),  Figure  40  shows 
data  points  at  OC=  -3°  and  cL-  -5.5  that  definitely  appear 
to  be  in  error  and  not  at  all  consistent  with  other  values. 
This  discrepancy  also  is  shown  in  Figure  39  where  these  values 
form  a  crou!’  of  I'oir'.!-'  fo.-  v.n.-i  nr:  Se  a  'niti  (X/ ;;  lliaL  are 
inconsistent.  Therefore  it  appears  that  these  data  points 
should  probably  be  discarded.  Also  shown  on  Figure  40  is 
a  curve  representing  a  probable  variation  of  with  oC 
for  the  lowest  power  setting  which  would  indicate  a  fairly 
large  difference  in  the  value  of  7\_ft  at  CC.=  0  over  the  actual 
measured  value.  It  was  first  felt  ?hat  this  curve  would  be 
more  correct  but  the  comparisons  shown  in  Figure  39  show  the 
great  majority  of  data  points  for  other  Se'®  Ot-'s  at 

this  V/nD  occurring  in  a  general  envelope  of  all  data  points 
measured  in  a  manner  tending  to  support  the  actual  measured 
value  at  C6  =  0®.  Therefore,  there  is  an  Indication  that  the 
apparent  efficiencies  determined  at  the  time  of  these  later 
tests  were  different  than  those  determined  during  the  basic 
propeller  efficiency  evaluation  tests.  The  magnitude  of  the 
difference  is  shown  in  Figure  39  and  if  it  is  correct  either 
indicates  the  lack  of  repeatibility  for  similar  conditions  due 
to  inaccuracies  in  the  measured  data  or  varying  flow  or  wake 
conditions  existing  during  the  tests. 


In  conclusion  it  can  bo  stated  that  nomal  elevator  only 
deflection  has  little  effect  on  the  wake  propeller  efficiency 
while  the  effect  of  angle  of  attack  is  variable  but  should  not 
exceed  a  10^  reduction  for  normal  airship  angles  of  attack  in 
excess  of 
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D.  Effect  of  Wake  Propeller  on  Aerodynamic  Charaeterlsties  j 

The  effect  of  the  wake  propeller  on  the  non-dimensional  lift, 
pitching  moment,  and  drag  were  obtained  for  three  power  conditions 
at  or  around  thrust  equals  drag  in  addition  to  these  values  with 
the  propeller  off.  Figures  44a,  44b  and  44c  present  these  data 
as  well  as  comparative  data  obtained  from  the  ear-mounted  and  fin- 
mounted  powerplant  configuration  tests.  All  drag  data  has  been 
corrected  for  wind  tunnel  support  tares  and  their  variation  with 
angle  of  attack.  The  effect  of  the  wind  tunnel  support  strut  on 
lift  and  pitching  moment  is  generally  small  and  since  it  is  not 
included  in  the  car  or  fin  mounted  powerplant  data  it  is  not 
utilized  in  these  plots  for  the  wake  propeller  configuration. 

All  lift  data  has  been  corrected  for  direct  propeller  thrust 
components  in  a  manner  similar  to  that  utilized  in  Reference  (a), 

1.  Drag  Coefficient 

Since  the  elevator  effect  on  drag  coefficient  was  not  obtained 
for  the  zero  power  condition  and  since  the  actual  drag  coefficient 
magnitudes  from  such  tests  are  not  utilized  for  full-scale  work, 
only  the  changes  due  to  the  wake  propeller  are  imriortant  and 
these  are  only  available  for  the  zero  elevator  condition.  In 
most  respects  the  drag  coefficient  increase  due  to  effects  of 
the  three  rov;'>:-  ''et.l.i;;)'*  iil'li.'ei  i;.  f/iirly  iini  foi-:"  Ltirou/;hout 
the  angle  of  attack  range  at  S  j,  =  0  with  increasing  drag 
occurring  with  increasing  RPM  or  thrust.  The  maximum  increase 
in  drag  coefficient  due  to  the  highest  power  condition  utilized 
in  these  particular  tests  is  in  the  order  of  ^0055, 

occurs  near  OC  =  0,  and  represents  an  increase  of  approximately 
25  percent  over  the  power  off  condition.  The  increase  in  drag 
coefficient  appears  to  be  slightly  smaller  at  high  negative  and 
positive  angles  of  attack  but  it  would  be  conservative  to 
assume  equal  ACy  for  all  attack  angles.  Of  course  this  ACq 
at  a  high  attack  angle  represents  less  percentage  increase  in 
drag  over  that  at  the  same  attack  angle  for  power-off.  In 
order  to  illustrate  the  effects  of  varying  power  with  the 
elevator  deflected,  the  data  for  S  =  ±20°  is  plotted  in 
Figure  44a  although  data  for  propeller  off  is  not  available. 

The  majority  of  this  data  also  shows  uniform  effects  of  power 
similar  ♦;o  that  observed  at  Sg  "  0  with  probably  no  signi¬ 
ficant  increase  m  ACq  (change  in  drag  due  to  propeller 
operation)  over  that  observed  at  8e  ~  if  ^  value  of  drag 
coefficient  without  power  is  estimated. 

It  therefore  apnears  reasonable  to  conclude  that  the  angle 
of  attack  and  elevator  deflection  has  little  effect  on  the 
drag  coefficient  increase  due  to  the  wake  propeller  operation 
for  the  conditions  tested.  The  drag  coefficients  plotted  in 
Figure  44c  are  pure  drag  in  that  the  measured  thrust  has  been 
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added  to  the  aeaeured  T  -  D,  but  it  should  also  be  noted  that 
thrust  was  only  approximately  equal  to  drag  around  zero  angle 
of  attack,  zero  elevator  and  the  hipest  power  condition  and 
TO  atteirpt  was  made  to  simulate  T  =  D  for  other  conditions 
although  essentially  they  would  represent  such  a  condition  at  a 
lower  velocity  which  would  also  occur  on  an  actual  airship 
flying  with  constant  power  at  various  angles  of  attack  and 
elevator  deflections, 

2 .  Lift  Coefficient 

The  lift  coefficients  with  the  wake  propeller  off  “'o."  various 
oc‘ s  and  are  compared  in  Figure  44a  with  similar  data 

from  the  Reference  (a)  tests  and  show  fairly  good  agreement 
in  most  respects.  The  slight  differences  which  do  exist  are 
probably  due  to  the  larger  car  on  the  wake  propeller  configu¬ 
ration,  slightly  different  tares  due  to  different  support 
arrangements,  and  general  data  repeatibility  and  accuracy, 

Cuiu^es  are  drawn  through  the  power-off  data  at  Sg  ==  0°  and 
data  points  (corrected  for  direct  thrust  effects)  are  shown  for 
the  three  power  conditions  investigated.  The  other  wake 
propeller  curves  for  various  are  just  faired  curves 

through  the  power-on  data.  The  data  at  =  0*^  for  which 
power-off  data  is  avnilai  ie  snow  no  [particularly  consistent 
behavior  due  to  the  wake  propeller  operation  with  data  at 
one  angle  of  attack  showing  no  change  in  lift  coefficient  and 
data  at  other  angles  of  attack  indicating  reductions  or  increases 
in  lift,  Ihe  maximum  change  in  lift  coefficient  measured  is  in 
the  order  of  =  +.004  which  for  a  full-scale  ZPG^JW  airship 

flying  at  5000  ft  altitude  with  an  airspeed  of  ,50  knots  is  equal 
to  less  than  500  ibs  of  lift,  dince  all  the  power-on  data  points 
exhibit  change.^  which  are  small  and  vacillating,  it  can  be  con¬ 
cluded  that  the  wake  propeller  has  no  effect  upon  the  lift 
characterist ics. 

3.  Pitching  Moment  Coefficient 

The  variation  of  the  pitching  moment  coefficient  with  angle  of 
attack  and  elevator  deflection  for  the  GAC  wake  propeller  bon- 
figuration  at  various  pov/er  conditions  is  given  is  !Pigux-e  44b 
along  with  comparative  data  for  the  car  and  fin  mounted  power- 
plant  configurations.  Power  off  (or  wake  propeller  off)  data 
is  only  available  for  Se  -  0°  on  the  wake  propeller  configuration 
and  a  curve  is  drawn  through  these  points.  The  cun^s  drawn 
through  the  other  wake  propeller  data  represent  faired  curves 
through  the  three  power  or  thrust  conditions  tested  to  give  an 
indication  of  the  shape  of  the  curve  even  though  propeller  off 
data  is  not  available.  It  is  immediately  apparent  that  the 
wake  propeller  configuration  data  with  or  without  the  propeller 
does  not  exhibit  the  same  pitching  moment  characteristics  as 
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tha  oar  and  fin  mounted  powerplant  confl^rations.  ^tensive 
plotting  and  analyaia  of  car  and/or  fin  mounted  powei^ant 
pitching  moment  data  has  shown  that  for  negative  angles  of 
attack  the  wake  propeller  data  show  fairly  reasonable  agree¬ 
ment  (or  explainable  variations)  but  no  such  agreement  can 
be  shown  for  positive  angles  of  attack,  especially  at 

=  +9*5®»  The  initial  reaction  to  the  observed  discrepancies 
was  that  it  might  be  due  to  the  additional  drag  of  the  larger 
car  utilized  on  the  wake  propeller  configuration  since  it  has 
already  been  shown  that  the  lift  curves  for  the  various  con¬ 
figurations  are  essentially  similaTo 

In  conjunction  with  tare  drag  evaluations  of  both  models  the 
drags  of  the  two  different  cars  were  measured  and  the  measured 
drag  coefficient  of  the  large  car  at  Oo  was  0.0032  v;hile 
the  small  car  had  a  drag  coefficient  of  0,0010  which  gives  a 
change  in  drag  due  to  the  larger  car  of  .0022,  This  car  drag 
increase  would  only  increase  the  pitching  moment  coefficient 
by  approximately  0,0010  compared  to  the  change  shown  in 
Figure  44b  at  OC=  0°  of  0.0130. 

Actual  total  drag  data  comparisons  for  the  various  models  at 
Od  =  fg  =  0  show  a  maxlmiun  difference  between  the  fin  mounted 
and  wake  propeller  conf iguration  of  fiCp  =•  .0068.  (It  should 
be  noted  that  this  rr>|ir'es''pj  s  ar;  extreme  value  winch  was  dis¬ 
carded  as  tx;ing  in  error.)  This  value,  assuming  it  all  came 
from  the  car,  would  still  only  change  the  pitching  moment  by  a 
of  approximately  0.0032. 

Examination  of  the  wake  propeller  configuration  pitching 
moment  tares  indicates  that  they  arc  relatively  small,  exhibit 
nearly  the  same  magnitude  througliout  the  attack  angle  range, 
and  would  not  change  the  shape  or  magnitude  of  the  wake  propeller 
data  to  any  significant  degree  and  might  even  increase  the  dis¬ 
agreement  at  Ipw  positive  attack  angles. 

The  addition  of  the  tail  cone  for  the  wake  propeller  has  been 
studied  and  it  is  considered  that  this  should  not  affect  the 
lift  centroid  enough  to  produce  the  measured  differences  in 
pitching  moment  coefficient. 

Usually,  in  airship  stability  analyses  the  possibility  of  an 
upwash  from  the  car  affecting  the  tail  surfaces  has  been 
considered  negligible  and  various  model  tests  and  calculations 
have  supported  this  assumption.  However,  since  all  other 
attempts  to  explain  the  measured  differenoes  ip  pitching 
moment  characteristics  have  not  been  successful  it  is  proposed 
now,  without  definite  proof,  that  the  larger  (deeper)  car  might 
have  resulted  in  upwash  effects  on  the  lower  tails  which  while 
producing  relatively  large  moment  changevS,  due  to  the  long 
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soeffiGlent  with  angle  of  attaek  for  the  propeller  off  | 

condition  and  for  the  propeller  operating  at  5000  RPM 
whieh  approximately  gives  thrust  equal  to  drag  at  0^  =  0. 

It  is  apparent  from  this  typical  plot  (others  were  similar) 
that  the  effect  of  the  propeller  operation  is  negligible  or 
within  the  accuracy  of  the  normal  data  scatter. 

E.  BOUNDARY  LAYER  AND  WAKE  VELOCH'Y  MEASUimENTS 

1 .  Non-Dimension.al  Boundary  Layer  Velocities 

The  velocity  in  the  boundary  layer  was  obtained  from  two  rakes 
mounted  on  the  hull  at  anproximately  the  90  and  95  percent  sta¬ 
tions,  with  each  rake  consistiiig  of  14  total  head  tubes  and  4  p  v| 
static  pressure  tubes  spaced  along  the  rake  heif^it  of  14  inches. 
These  tubes  v;ero  connected  to  the  same  manometer  which  measured 
hull  static  pressures  and  conseciuontly  the  data  for  the  propeller  j 
off  condltioti  were  very  faint  and  difficult  to  read  as  noted  in 
Section  I-B-2-a  of  this  report.  Therefore  the  data  was  erratic 
in  some  instances  but  enough  of  the  readings  appeared  reasonable 
so  that  curves  could  be  faired  through  the  data  with  more  emphasis 
attached  to  uoitiLs  that  wei-e  near  a  static  pressure  tube.  This 
was  necessary  sit:ce  the  NASA  IBM  calculation  of  the  data  assigned 
a  static  pressure  reatiing  to  be  utilized  for  adjacent  total  head 
ro-.iiii  .-u  whi'di  r-  :  f  :  •  d  m  .n  n-ir-'tn,  'U  I'cn's  ii:  vciocitios  deuer- 
rained  from  total  head  tulms  located  some  distance  from  the  static 
tube,  due  to  the  varixation  in  staL.ic  pressure  in  the  boundary 
layer . 

The  boundary  layer  velocity  profiles  are  not  necossary  for  the 
analysis  of  the  wako  propeller  but  do  shed  some  insight  into  the  | 
flow  conditions  fonvard  of  the  wake  propeller.  In  order  to  illus¬ 
trate  the  effects  of  the  v.'ake  propeller  operation  on  the  non-  j 
dimensional  boundary  layer  velocities  typical  data  is  presented 
in  Figures  46  and  47  for  the  pi’opeller  off,  two  freestream 
velocities,  and  for  three  RPM  or  thrust  conditions  with  the 
propeller  set  at  i^he  design  blade  angle  of  20  degrees.  The 
power  off  velocity  ratio  data  for  "=  140  ft/sec  is  more 
regular  and  creditable  than  the  measured  data  for  Vq  9^'  ft/sec 
which  exhibits  unnatural  values  between  12"  and  14"  above  the 
hull  for  the  forv/ard  (90/JL)  rake. 

In  propeller  theories  it  is  generally  conceded  that  the  incoming 
velocities  fon/ard  of  tlie  propellei'  can  be  increased  as  far  for¬ 
ward  as  l/2  propeller  diameter  while  the  forward  rake  located 
one  propeller  diameter  in  front  of  the  propeller  shows  increased 
velocities  in  this  region  especially  for  the  higher  Vq.  However, 
for  this  velocity  both  the  forward  and  aft  rakes  indicate 
appieximately  the  same  velocity  increase  wliich  is  not  justifiable 
from  theoretical  considerations.  The  low  velocity  data  (Vo  *= 

94  ft/sec)  for  both  rakes  indicate  more  reasonable  differences 
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with  only  snell  velocity  changes  for  the  forward  rake  and 
relatively  raueh  larger  increases  for  the  aft  rake. 

The  curve  representing  a  power-on  condition  in  Figures  46 
and  47  is  drawn  through  the  data  points  obtained  at 

the  highest  tlirust  condition  but  except  for  velocity  ratios 
close  to  the  hull  (within  2  or  3  inches)  the  effect  of  the 
variable  thrust  conditions  is  negligible  v/ith  all  data  for  a 
particular  distanco  from  the  hull  being  approximately  equal 
for  the  various  power-on  conditions. 

2 .  Velocity  Distributions  in  the  VJake 

The  total  and  static  pressures  were  measured  in  the  v;ake  of 
the  model  one  foot  aft  of  the  propeller  plane  for  tvjo  tunnel 
velocities  (Vq)  \irith  power-off  and  for  all  conditions  with 
power-on.  The  rake  employed  was  approximately  24  inches 
high  with  21  total  head  tubes  and  6  static  pressure  tubes 
spaced  along  the  rake.  As  is  custaiiary  the  NASA  IBM  compu¬ 
tation  assigned  certain  static  pressure  tubes  readings  to 
total  head  tube  readings  on  each  side  of  the  static  and  in 
many  cases  two  of  the  total  head  tubes  were  2  inches  from 
the  static  tube  and  do  not  reflect  the  radial  variation  in 
static  pressure  within  the  wake.  This  results  in  velocity 
profiles  that  in  certain  portions  of  the  wake  look  like 

iii.ut('a<.l  <>1'  :uri<)i»Ui  l  ur'/eSo  !'hi.'ri.’l'i>r'; ,  lii  this  analyoia 
velocity  profile  curves  are  faired  with  the  static  pressure 
variation  in  mind, thus  resulting  in  smooth  variations. 

a.  Static  Pressure  in  the  Wake 

That  a  significant  variation  in  v/ake  static  firessure  does 
occur  is  shown  in  Figures  A8  and  49.  The  exact  location 
of  the  static  pressure  tubes  was  not  known  since  the 
contractor's  infonnation  about  the  rake  indicated  only 
five  static  tubes  v;hile  test  data  shows  six  static  pressure 
readings,  but  the  locations  utilized  are  approximately 
correct.  Fifjure  48  plots  both  the  variation  in  the  absolute 
static  pressure  with  distance  from  the  center  line  of  the 
airship  and  the  variation  of  the  non-dimensional  static 
pressure,  for  both  tunnel  velocities  employed  during  the 
propeller  off  tests.  It  is  noted  that  the  non-dimensional 
static  pressures  (Pl/ qg)  vary  with  tunnel  veloc ity  so  there 
can  be  some  error  introduced  in  comparing  propeller-off 
data,  obtained  at  the  I6TP  and  20TP,  and  propeller 
operating  data  which  was  obtained  at  the  12TP  and  21TP. 

Figure  49  presents  a  comparison  of  the  propeller-off  non- 
dimensional  static  pressures  along  with  typical  power-on 
conditions  for  the  GAC  wake  propeller  at  =20  degrees. 
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sentar  line  of  the  aii^hip  for  three  thrust  conditions  for 
each  of  the  blade  angles  and  freestreain  velocities  investigated 
on  the  GAG  wake  propeller.  These  typical  variations  are 
indicative  of  the  efficiency  of  the  wake  propeller  in  "filling 
in"  the  low  velocity  region  existing  behind  an  airship  hull. 

As  was  expected,  the  propeller  shows  relatively  small  effects 
in  the  region  near  the  center-line  of  the  hull,  since  the  GAG 
propeller  blade  has  a  hub  approximately  1.5  inches  in  radius, 
and  the  blunt  tail  cone  occurring  forward  of  the  propeller 
blocks  out  almost  an  additional  inch  of  propeller  blade. 

However,  even  without  these  limitations  it  is  known  that  such 
a  propeller  is  very  ineffective  at  the  root  in  producing 
thrust  and/or  slipsteam  velocity  increase.  For  the  lower 
tunnel  velocity  (Vq  -  9'i-  ft/sec)  the  wake  velocity  ratio  for 
maximum  thrust  generally  ruvaches  1,0  between  ?  and  3  inches 
from  the  origin  and  at  Vq '1'  ].40  ft/sec  a  velocity  ratio  of  1.0 
is  obtained  between  5  and  6  inches  from  the  center  line  (origin) 
for  all  blade  a'ngles. 

Therefore,  to  further  improve  the  efficiency  of  the  wake 
propeller  the  emphasis  sliould  be  placed  i.n  tliis  Iceality  with 
modifications  to  the  tail  cone  and  propeller  hub  to  improve 
the  flow  conditions  and  possible  increased  effort  in  tte 
propeller  blade  design  near  the  root.  It  was  recognized  that 
the  model  la;!  rone  a?;  I  :  n-c ;  1  nr  a!T:ni,'' it  ’C  i!  '.l  i'.’e-l  v;.is  not 
the  best  tor  attaiiunent  of  maximum  elficiency  but  it  was  necessary 
to  reduce  fabrication  costs  and  simplify  the  design.  The  actual 
design  contem[)lated  for  a  full-scale  application  would  probably 
involve  an  arrangement  witli  the  propeller  blades  intersecting 
the  tail  cone  with  flexible  seals  to  jirevent  flov;  into  the  inter¬ 
ior  of  the  tail  cone  and  still  provide  the  ability  to  change  the 
blcde  angle  if  this  was  desired.  The  tail  cone,  faired  to  a  more 
efficient  end,  instead  of  a  blunt  cut-off,  would  rotate  with  the 

_ propel  ler.  buch-jjnprovemenl-s-ffligh t  inorease  tfie-propulsive - 

efficiency  a  few  percent  but  this  increase  would  also  have  to  be 
justified  by  refined  analysis  on  the  basis  of  the  possible  added 
weight  and  complexity  of  the  system  and  its  effect  on  range, 
endurance  and  cost. 

It  also  appears;  that  a  slight  increase  in  the  propeller 
diameter  mi^t  be  beneficial  as  the  wake  velocity  ratios  show 
that  the  ratio  usually  drops  below  1,0  around  10  or  11  inches 
from  the  center  line.  However,  this  is  probably  due  to  the 
contraction  of  the  sltpstre-im  and  its  decrease  (or  reversal) 
in  A  V  associated  near  the  tips  of  propellers,  so  any  added 
diameter  might  bo  of  doubtful  value.  It  is  not  due  to  any  tip 
losses  associated  with  high  tip  speeds  and  compressibility  as 
the  propeller  was  not  operated  at  high  RPM  and  the  calculated 
compressibility  losses  for  the  maximum  RPM  testexi  were  zero. 
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Figura  5^  presents  typical  variations  of  ths  wake  velocity 
ratios  for  the  Transcendental  propeller  at  a  blade  angle  of 
20°.  Although  no  analysis  of  this  configuration  is  performed 
due  to  its  thrust  deficiency,  the  above  variations  are  given 
for  comparative  purposes.  It  is  again  noted  that  curves  were 
faired  through  the  measured  velocity  ratios  with  much  greater 
emphasis  on  values  obtained  nearest  the  fev;  static  pressure 
tubes  so  although  points  are  ignored  it  is  justifiable  and 
more  indicative  of  the  true  velocity  ratios.  The  Transcendental 
velocity  ratios  at  ^  94  ft/sec  indicate  this  propeller  is 
not  quite  as  efficient  as  the  GAC  wake  propeller  in  "filling 
in"  the  wake  except  at  the  highest  RPM,  wliich  incidentally  was 
extended  during  the  tests  from  a  pnDgramraed  value  of  5000  RPM 
to  8000  RPM  to  provide  sufficient  thrust  for  thrust  equals 
drag.  At  Vq 140  ft/sec  the  Transcendental  propeller- 
deficiency  is  immediately  noticeable  as  even  the  curve  for  the 
maximum  value  of  0000  RPM  does  not  attain  a  velocity  ratio  of 
one.  As  noted  previously  the  Transcendental  propeller  did  not 
produce  sufficient  thrust  at  this  velocity  for  T  =  D  and  this 
is  reflected  in  the  plotted  wake  velocity  ratios. 

d .  Drag  Evaluation  from  Wake  Measurements 

Theevaluation  of  drag  from  measurements  in  the  wake  is  derived 
from  classical  1 1  ■'n-'';,-  ''ouu!  to  gi.-i.  .--o::  Jo.-.aijlo 

agreemofiL  with  cotivent  loria  I  drag  measuiomen  Ls  .  The  theories 
and  e<(uatioas  have  been  extensively  presented  in  Reference  (b) 
and  only  the  final  equation  from  this  anal^’sis  will  be 
utilized  to  perform  the  integration  of  the  measured  vrake 
velocities  and  pressures.  The  equations  derived  and  presented 
in  Reference  (ir)  ar'e 


where ^  -  drag  coefficient  determined  from  integration 

of  wake 

Hl  '  local  total  head  or  pressure  in  the  wake 
P^  =  local  static  pressure  in  the  wake  ('"loi,  ^ 
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=  freeatreajD  dynanic  pressure  (tunnel  q) 

Pq  =  freestream  static  pressure  or  static  pressure  in  the 
wake  infinitely  far  downstream 

Vl  =  local  velocity  in  the  wake 

Vq  =  freestream  velocity  (tunnel  V) 

r  =  radial  distance  from  center  of  wake  or  extended 
center  line  of  hull 

=  limit  of  integration  or  radius  of  wake  (taken  as 
24  inches  which  is  the  hei^t  of  the  rake  used  and 
generally  equal  to  or  greater  than  r„) 

The  second  term  in  the  parenthesi.s  within  the  integral  is  the 
correction  due  the  fact  that  in  wake  measurements  close  to  a 
body  the  local  static  pressure  is  not  uniform  and  has  not  yet 
attained  its  freestream  value.  Unfortunately,  the  tunnel 
static  pressure  utilized  in  tunnel  velocity  and  dynamic 
pressure  measurements  were  not  measurea  separately  so  a 
reasonable  substitution  must  be  made.  The  best  values  to 
which  there  was  ready  accessibility  v/cre  the  statie  pressures 
•;') ri- ;  .i‘  t.i.'l.  !'j^  ‘  r;.l'.‘'.  Althc  uj'h 

the  plotted  static  [jrcssure  evaluations  of  Fi^pire  48  do  not 
particularly  indicat(;  an  asymptotical  approacli  at  the  24  inch 
location  this  value  is  consKiered  the  best,  available  with  the 
realization  that  some  errors  could  result  from  its  utilization. 

Wake  integrations  were  conducted  for  the  two  propeller  -  off 
conditions  available  and  the  ro.sults  are: 

=  .0144  for  16TP.  V^^lia-ft/see.-q^— ^.4.90  Ibs/ft^ 

If  the  increase  in  ^L/v  radial  station  0  is  ignored  dnd 
the  curve  faired  into  a°more  reasonable  point  the  value 
becomes : 

=  .0150  for  the  I6TP . 

=  .0239  for  20TP,  Vq  =  133.3  ft/sec,  q^  =  21.8  f/ft^ 

Since  the  wake  measu rcracjnts  were  obtained  in  a  region  relatively 
unaffected  by  the  car,  support  strut,  and  tails  it  can  be 
concluded  that  the  wake  integr.ition  actually  gives  the  value 
of  the  bare  hull  drag  coefficient.  Therefore,  for  comparative 
purposes,  the  drags  obtained  from  the  wind  t:innel  balance 
(force  data)  must  be  reduced  by  the  magnitude  of  the  car  and 
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inaocuraeies  in  the  wake  data  and/or  the  force  data,  but 
it  is  not  within  the  realm  or  purpose  of  this  report  to 
sorapletely  evaluate  these  differences.  The  drag  of  the 
bare  hull  obtained  from  the  force  data  does  indicate  a 
logical  variation  with  Reynolds  number  with  no  apparent 
effects  of  transition  or  laminar  flow  at  the  lower 
velocity. 
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F.  Wake  Propeller  Conclusions 

The  purpose  of  the  wake  propeller  tests  was  to  substantiate  or 
prove  that  such  a  propeller  designed  by  methods  established  in 
Reference  (b)  would  actually  produce  the  efficiencies  predicted 
by  these  theoretical  means  and  would  prove  superior  to  conventional 
propellers  in  the  propulsion  of  airships  without  seriously  affecting 
the  stability  and  control. 

The  failure  of  equipment  required  to  measure  the  drag  with  the  best 
accuracy  hampered  t(ie  efforts  to  pra/e  the  theories  beyond  a  shadow 
of  a  doubt.  However,  the  evaluations  substituted  shov;  that  for  the 
design  conditions,  the  predicted  efficiencies  (7].g  =  98^^)  were 
attained  or  exceeded  in  3  out  of  4  of  the  substituted  evaluations. 

It  is  also  concluded  that  the  operation  of  a  wake  propeller  does  not 
change  the  stability  or  control  of  the  airship  to  any  measurable 
degree  for  most  airship  attitudes  and  flight  conditions. 

The  effect  of  pitch  or  angle  of  attack  on  the  wake  propeller 
efficiency  is  small  (less  than  up  to  06  =  5°  and  at 

OC  =  +10°  the  maximum  decrease  i.s  in  tlie  order  of  8  to  10 
percentage  point.s  which  v/ould  result  in  an  efficiency  for  the 
wake  prooeller  that  is  still  iiiglier  Dian  conventional  t)ror'ellers 
at  angi  I-  .f"  •  a'  i, , 

The  effect  of  el(;vator  deflection  on  thie  wake  pi'opeller  efficiencies 
Is  negligible  for  small  deflections  and  are  le.'us  than  a  55o  decrease 
at  8e  = 

The  GAG  wake  propeller  is  superior  to  the  Transcendental  propeller 
tested  in  that  tin-  l.ilLer  projjelli;r  did  not  produce  sufficient 
thrust  for  thru.st  equal  drag  at  the  higher  velocities. 


CONFIDENTIAL 


4H> '  /w  MTfcpirr'ntlPIR' 


iAftC 


*UPMts  |y  K-»A»y  « 

"^rsrjT. — " 

CMceniB  •»  -  *  * _ 

Wl.  ■  Apgll  15.  1^51 

MtVHED  _ _ 


CONFIDENTIAL 


M* 

t  f 


‘I 


I 


I 


if 


J 


•a 

i 

i 

I 

I 

1 

,  5 

5 


IV.  COMPARATIVE  ANALYSIS  OF  VARIOUS  PROPULSIVE  ARRANGEMENTS 

Aerodynamic  testa  and  evaluations  of  four  propulsive  systems  for  an 
airship  have  been  completed  and  an  analysis  of  their  comparative 
characteristics  and  advantages  is  necessary  to  complete  the  requirements 
of  the  subject  contract.  The  results  of  such  an  analysis  should  be  the 
selection  of  an  optimum  or  best  propulsive  system  for  application  to 
futui’e  airs'nips  or  other  vehicles  of  a  similar  nature.  In  this  respect, 
it  must  be  noted  that  the  optimum  or  best  propulsive  system  is  also  a 
function  of  the  specific  mission  that  the  airship  is  expected  to  perform. 
This  report  will  summarize  the  aerodynamic  qualities  of  the  four  configu¬ 
rations  investigated  with  regard  to  performance,  stability,  and  control. 

Since  the  Transcendental  configuration,  as  noted  in  previous  sections  of 
this  report,  did  not  measure  up  to  expectations  in  that  it  would  not 
produce  the  necessary  thnist  at  higher  airship  velocities  it  will  not  be 
included  in  this  comparative  analysis,  A  redesign  of  this  propeller  with 
greater  solidity  might  possibly  result  in  a  configuration  that  could 
produce  sufficient  thrust  and  efficiencies  comparable  to  the  GAC  vrake 
propeller . 

A,  I'erfonnance  Goniparison 

It  was  originally  intended  to  corirru-e  the  co r-mou nl (;(i 
f iti-;-!'  ui.' '.'d  powf."!;!  ii.l ,  and  irako  jir’opeiloi’  coiii'iguratio i.s  on  the 
basis  of  a  specific  mission  [rerformn ix;e  profile  similar  to  a  full- 
scale  ZPG-3W  airship  mission.  'This  concept  has  been  abandoned  for 
two  reasons:  (1)  the  effective  propeller  efficiencies  of  the  GAC 
wake  propeller  could  not  be  determined  to  the  degree  of  accuracy 
required  for  such  a  comparison;  and  (2)  the  fact  tliat  the  best  per¬ 
formance  for  one  type  of  mission  (i.e,  AliW  patrol)  mi^t  result  for 
one  configurstion  which  mig)it  not  produce  the  best  performance  for 
another  type  of  mission  (i.e.  AGW  search  with  sonaj'  operations)^! - 


Therefore  an  alternate  general  method  of  comparison  is  utilized  to 
show  the  relative  performance  capabilities  of  the  three  systems. 
Performance  asr  utilized  in  this  report  is  defined  as  those  factors 
affecting  the  maximum  velocity  and  the  fuel  consumption  and  thus 
range  and/or  endurance  of  the  airshin.  The  present  comparison 
will  be  based  on  the  horsepower  required  to  produce  various  amounts 
of  thni.st  anr)  tho  prcpulsivG  efficiencies  associated  with  these 
thrusts  and  powers.  Data  for  the  conventional  (car  mounted)  and 
fin-mounted  powerplant  configurations  are  obtained  from  References 
( a )  a  rid  ( i ) . 

The  first  step  in  this  analysis  is  the  determination  of  the  effective 
drag  coefficient  (Cp^) ,  which  has  previously  been  defined  in  Section 
I-B-2  of  this  report,  and  plotting  the  variation  of  Cn  /C^j  against 
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V/nP  for  the  three  propeller  conf igurationa.  Figures  55  and  56 
present  this  information  for  the  three  propellers  at  various  blade 
angles  and  show  the  lines  for  various  thrust  and  drag  combinations 
inherent  in  the  definitions  of  Cd^  and  CD-. 

The  next  step  is  the  calculation  of  the  horsepov/ers  required  for 
the  various  conditions  of  V/nD,  fi>  ,  T ,  and  D,  These  results  are 
plotted  in  a  similar  fashion  in  Figures  5?  and  58  Ton  the  GAC  wake 
propeller,  the  car-mounted  or  conventional  propeller,  and  the  fin- 
mounted  propeller. 

The  final  items  of  information  necessary  for  the  comparison  are  the 
propulsive  efficiencies  of  the  various  configurations.  It  is  again 
noted  that  only  relative  comparisons  are  utilized  so  that  the  apparent 
efficiencies  are  employed  in  the  analysis.  The  apparent  efficiencies 
of  the  GAC  wake  propeller  have  previously  been  presented  in  Figure  20 
and  the  efficiencies  for  the  other  cunf  igui'd  tions  are  given  in  Figure 
59  as  a  function  of  V/nD  and  blade  angle.  Figvire  60  presents  a 
comparivSon  of  the  various  propellers  and  their  efficiencies  for 
several  ratios  of  T  and  D. 


It  might  be  considered  that  tiiis  last  cur/c  is  all  that  would  be 
needed  to  show  tlio  differenr^es  in  performance  of  the  various  con¬ 
figurations  as  the  efficiency  of  a  system  is  of  prime  importance. 

! !  ru/i'v  e  r' ,  hf'<''a'i:'i’  :  vias  ne'’es:'ar'v  '  <■>  •!*  1’  h’e  apf'-arepl  f'ff’ riencies 
rather'  than  eJ'foctive  ef f icienc lus ,  Lius  parameter’  is  noL  indicative 
of  tire  relative  performance. 


Gince  the  horsepovrer  measured  for  a  certain  condition  and  its  resultant 
apparent  efficiency  does  not  change  when  the  effective  efficiency  is 
detennined  it  can  be  used  as  a  comparative  pai’amcter  for  performance 
purposes.  Therefore,  Figure  61  is  [presented  vrhich  shovrs  the  variation 
of  horsepower  required  with  V/nD  for  various  thrust/drag  ratios  of 

tl.ie.  t  hrpp -propulsive  systens  i  nvest  i  g;,t.pri . _ Only  data  for  values  of _ 

thrust  equal  to  or  less  than  the  drag  are  presented  and  these  variations 
are  based  on  data  obtained  from  the  preceding  figures  and  from  References 
( a)  and  (i) . 


Particular  attention  is  called  tq  the  large  circles  denoting  the  horse¬ 
power  required  for  T  -  D  at  the  maximum  propeller  efficiency  of  each 
propel  lei’.  These  points  show  a  'yit  reduction  in  horsepower  required 
for  the  fin  mounted  propeiier  configuration  in  comparison  with  the 
conventional  car-mounted  propeller,  while  the  GAC  wake  propeller  shows 
a  30^  reduction  in  horsepower  requi  red  compared  to  the  conventional 
arrangement. 


If  a  general  comnarison  of  range  or  endurance  is  to  be  performed  a 
fevj  simplifying  assumptions  must  be  made. 


(1)  It  is  assumed,  based  on  the  measured  data,  that  comparable 
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reductions  in  horsepower  can  be  attained  at  all  velocities 
since  the  above  values  were  given  for  T  =  D. 

(2)  A  stern  propulsion  unit  would  consist  of  two  noraal  ZPG-3W 
airship  engines  geared  together  or  a  single  engine  of  higher 
horsepower  rating  having  similar  fuel  consumption  characteristics. 

Both  range  and  endurance  of  an  airship  are  functions  of  the  fuel  flow 
in  Ibs/hr  which  in  turn  is  a  function  of  the  horsepower  and  the  brake 
specific  fuel  consumption  (B,S.1''.C.) .  The  B.S.F.C.  vai'iation  with 
horsepower  for  an  engine  such  as  used  on  the  ZPG-3W  airship  is  very 
slight  for  normal  cruising  horsepower  and  might  be  assumed  as  a 
first  approximation  to  bo  cons;  ant  over  the  range  of  horsepower  con¬ 
sidered.  Therefore,  since  the  car-mounted  and  fin -mounted  powerplant 
configurations  have  practically  the  same  horsepower  requirements,  it 
can  be  concluded  that  the  Wake  propeller  configuration  would  have 
approximately  3Q("  greater'  range  or  endurance  than  the  other  configu¬ 
rations.  With  respect  to  a  normal  AliVJ  mission  for  ZPG-3W  airship 
this  could  represent  an  increase  in  endui’ance  in  the  order  of  25 
hours , 

The  full  potentialities  of  a  wake  propeller  configuration  can  only 
be  realized  if  it  is  the  sole  source  of  propulsion  but  this  introduces 
many  complicating  factors.  Although  tliis  report  is  only  intended  as 
an  Aerodynamic  Analysis,  vrhiclr  shows  a  30  percent  advantage  in  range 
or  endurance,  the  disadvo ntai'es  o!'  the  system  should  he  noted.  The 

u;w  'll'  lie-  u.ik’’  IT'II''- ; :  .s  .i  sui, .g'  pi-.ji.  j  Li.iiu;  has  'he 

following  generrrl  disadvanta/ies' 

(a)  Necessity  for  almost  constant  blower  operation  of  the  air 
System  since  the  scoops  would  not  have  the  advantage  of 
slipstream  ram  pi’essure. 

(b)  Loss  in  reliability,  versatility  and  safety  due  to  the  use  of 
only  one  engine. 

(c)  Maintenance  and  inspection  problems. 

In  any  actual  wake  propeller  conf iguratio r' ,  additional  engines  would 
probably  be  provided  in  the  conventional  location  to  solve  some  of 
the  above  probi-ans.  Althougli  these  engines  and  the  stern  engine 
could  then  be  smaller  (have  reduced  hoi'Sepower  requirements)  the 
over  all  result  might  iwssibly  be  a  weight  penalty  and  a  rednetinn 
in  maximum  endurance  compared  to  the  wake  propeller  alone  even 
though  the  wake  propeller  alone  were  used  for  maximum  cruise  performance 
The  added  cost,  complexity  and  mairil.enance  problems  for  an  actual  full- 
scale  vehicle  would  have  to  be  jurlged  on  the  basis  of  the  gain  in 
endurance,  higher  maximum  velocity  obtainable,  and  the  more  efficient 
and  satisfactory  crew  performance  during  long  missions  due  to  the 
reduced  vibration  and  noise  level  associated  with  the  remote  propeller 
and  engine  location. 
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In  regard  to  the  increase  in  maximum  velocity  for  the  wake  propeller 
configuration,  it  has  been  shown  that  the  predicted  efficiency  of 
T\e  ®  *98  essentially  been  substantiated.  Figure  59  indicates 
a  maximum  efficiency  of  approximately  73  percent  for  the  conventional 
or  fin-mounted  powerplant  configurations.  Therefore,  assuming  equal 
drag  and  the  same  horsepower, the  velocity  increase  would  be  governed 
by  the  ratio  of  the  efficiepicy  changes  to  the  one-third  power. 


"^MAX 


.98/. 73  - 


1.3^2 


pro: 


'5'  1,10 


It  could  be  expected  that  a  maximum  velocity  increase  for  a  pure 
wake  propeller  configuration  would  be  in  the  order  of  10  percent. 

In  conclusion,  the  pure  wake  propeller  configuration  would  produce 
a  30  percent  increase  in  ran/'c  or‘  endurance  and/or  a  10  nercent 
in'jr'oise  II.  i.i.ix  .(•iiiui  velocity  ‘'V'.’i'  tin-  cor  I'e.sixjiid  uig  value;;  foi’  the 
conventional  or  fin-mounted  poweroLuit  conf i(:Curations. 


Stability  and  Control  Comparison 

It  has  previously  been  shown  that  the  aerodynamic  characteristics  in 
pitch  of  the  wake  propeller  configuration  are  not  significantly 
affected  by  th"  propeller  operation  and  that  the  magnitude  and  slope 
of  the  lift  and  pitching  moment  curves  are  similar  to  the  same  curves 
at  zero  power  for  the  conventional  or  fin-mounted  powerplant  models. 
Therefore,  since  the  rotary  derivatives  in  pitch  would  be  the  same 
for  all  models  at  zero  power,  it  can  be  concluded  that  the  dynamic 
stability,  as  calculated  by  the  stability  Index  and  criterion 
utilized  in  Reference  (a),  is  identical  to  the  conventional  car- 
mounted  powerplant  configuration  at  zero  power. 

Reference  (a)  also  shows  that  the  effect  of  conventional  car- 
mounted  propellers  on  the  longitudinal  dynamic  stability  index  is 
neg,ligiblo  or  zero  and  therefoi'e  it  and  the  wake  propeller  configu¬ 
ration  have  equal  longitudinal  dynamic  stability.  The  effect  of 
power  on  the  longitudinal  dynamic  stability  index  of  the  fin- 
mounted  powerplant  configuration  is  significant  as  shown  in 
Reference  (a).  The  following  table  presents  a  comparison  of  the 
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longitudinal  dynamic  stability  for  the  three  configurations  with  a 
typical  power  condition  for  the  fin-meiintad  configuration  utiHaed, 


Longitudinal  %namic  Stability  Comparison 
Including  Power  Effects 

1/20 -Scale  Powered  Wind  Tunnel  Model 

Powerplant 

Car-Mounted 

Wake  Propeller 

Fin-Mounted 

Conf  igura  lion 

(Any  t;;) 

(All  Powers) 

Tg  =  0.5 

'"ot. 

(m') 

0.659 

0.659 

0.459 

^Lo6 

( n' ) 

0,716 

0.716 

0.802 

,  1/3 

c  (V/¥  ) 

(m") 

-2.110 

-2.110 

-2.273 

q 

1/3 

Cl^(V/V  ) 

(n") 

1.180 

1.180 

1.320 

2  k^ 

2.175 

2.175 

2.175 

I 

-0.393 

-0.393 

-0.658 

in  the  above  table,  the  longitudinal  stability  index,  I,  is 
given  by  the  following  equation: 

^  .  .  n'm"  -  m’n" 

I""  *  2  K 

It  is  apparent  that  the  dynamic  stability  (including  power  effects) 
of  the  fin-mounted  powerplant  configuration  is  superior  to  either 
the  conventional  or  wake  propeller  configurations  at  any  power. 

bince  power  or  propellers  did  not  affect  the  lift  or  moment  slopes 
due  to  elevator  deflection  for  the  wake  propeller  or  car-mounted 
powerplant  configurations  it  can  also  be  concluded,  as  shown  in 
Section  VII -C  -  Addendum  I  of  Reference  (a),  that  the  fin-mounted 
configuration  is  also  superior  in  longitudinal  control  power  due 
to  the  slinstoam  effect  of  the  propellers  on  the  control  surfaces. 

Although  lateral  aerodynamic  characteristics  in  yaw  for  the  wake 
propeller  configuration  were  not  measured  it  is  not  beliewfd  that 
any  pov^er  effects  would  be  obtained  since  none  were  obtained  in 
pitch,  therefore,  the  fin-mounted  powerplant  has  the  same  increase 
in  lateral  stability  and  control  as  shown  in  Section  VII-B  and  C  - 
Addendum  I  of  Reference  (a). 
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Therefore  the  effects  of  power  (and/or  slipstrearo  effeeta) 
result  in  superior  dynamic  stability  and  control  charaoteristiQS 
for  the  fin-mounted  powerplant  configuration  as  compared  to  the 
conventional  car-mountad  powerplant  configuration  or  the  wake 
propeller  oonfiguratioa.  The  degree  or  magnitude  of  increased 
stability  and/or  Ojiitrul  is  usually  a  relative  number  but  based 
on  data  from  Reference  (a)  relative  values  of  approximately  a 
6Q^  increase  in  longitudinal  dynamic  stability  and  a  30  to  40 
percent  increase  in  longitudinal  control  power  might  be  used 
to  illustrate  the  relative  increases,  but  extreme  caution  is 
recommended  when  quoting  such  values  in  order  not  to  imply 
near  perfect  stability  or  completely  adequate  control  power  for 
all  conditions  of  flight. 
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C,  ConeluaioiaB  fcnd  RogoaiDoadfttions 

1,  An  airship p5W»r ad  by  a  waka  propaller  only  would  Imva  apprcolmatoly 
30  peroant  graatar  ranga  or  anduranoa  than  a  oonvantional  or  fin- 
niountad  powarplant  airship  of  the  sama  slza, 

2,  Tba  maximum  valooity  of  an  airship  with  a  waka  propeller  would  be 
at  least  10  percent  larger  than  a  similar  conventional  or  fin- 
mounted  powerplant  airship, 

3#  A  wake  propeller  airship  would  exhibit  the  same  dynamic  stability 
and  control  characteristics  as  a  conventional  airship*  and,  like 
it,  would  not  bo  significantly  affected  by  the  propeller  operation, 

4,  The  fin-mounted  powarplant  airship  shows  superior  stability  and 
control  character istios  comparod  to  eithor  the  v^iko  propeller  or 
the  conventional  car-mounted  configuration, 

3o  For  any  future  airship,  its  primary  mission  would  probably  dictate 
the  most  optimum  propulsive  configuration,  as  a  wake  propeller 
configuration  would  be  best  for  missions  where  long  range  or  endurance 
is  required  (i,o,  ASXf  patrol)  while  a  fin-mounted  powerplant  con¬ 
figuration  would  be  superior  where  greater  control  is  a  prerequisite 
(i,e,  ASK  missions  or  sonar  dunking  or  towing), 

6,  A  dotuiled  desi.ru  und  poi' foria'.vnoo  study  must  be  made  of  ony  actual 

full-scale  airship  wake  propeller  configuration  in  order  to  determine 
the  net  gain  in  endurance  or  range  since  the  increase  quoted  in  No,  1 
would  possibly  not  apply  to  a  mixed-poworplant  configuration  and  it 
is  even  possible  that  the  v/eight  of  a  pure  y.'ako  propeller  configuration 
might  exceed  that  of  a  conventional  configuration  unless  considerable 
effort  was  applied  to  solve  some  of  the  attendant  problems, 

7o  The  superior  stability  and  control  qualities  quoted  for  a  fin-mounted 
powerplant  configuration  are  only  obtained  to  the  degree  noted  when 
an  inverted  -  *Y*  empennage  is  utilized  and  improvements  of  this 
magnitude  could  not  be  obtained  on  an  X-tail  airship,  (This  was 
previously  emphasized  and  explained  in  Reforenoe  (a)), 

8,  It  is  recommended  that  any  further  studies  be  directed  to  the  deter¬ 
mination  of  weights  and  poworplant(s)  of  an  actual  full-scale  airship 
with  awake  propeller  so  that  bettor  information  as  to  the  not  gain 
in  performance  could  be  bettor  evaluated, 

9o  The  utilization  of  a  wake  propeller  that  could  provide  directed 

thrust  aniV^or  greater  low-speed  control,  as  well  as  inoi'easod  endurance, 
should  also  be  seriously  oonsidorod  for  any  future  airship  regardless 
of  its  primary  mission. 
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Figure  2  -  cue  Ifeke  Propeller  Configuration  in  the  K&SA-Langley  Full-Scale  Tunnel 
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Figuro  3  -  Transcendental  Wake  Propeller  Configuration  in  the  MSA-Langley  Full-Scale  Tunnel 
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Figure  $  -  Transcendental  Wake  Propeller 
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Variation  of  Propeller  Thrust  Coefficient  with  Advance  Ratio-Trans,  Propeller 
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Figure  I9  -  Variation  of  Propeller  Pcw;er  Coefficient  with  Advance  Ratio-Trans,  Propeller 
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Figuro  21  —  Variation  of  Appaxont  FVopeller  Efficiency  irtth  Advance  Ratio  and  Blade  Angle 
Trans,  Propeller  _ 
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Figure  56  -  Ra';io  of  Effective  JJrag  Coefficient  to  Basic  Drag  Coefficient  for  Various  Advance 
Ratios  and  Blade  Angles  -  Conventional  and  Fin-Mounted  Propellers 


CONFIDENTIAL 


Figur®  $7  “  Horsopowor  Required  for  varied  Flight  Conditions  -  GAC  Wake  Propeller 
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Figure  >8  -  Horsepower  Required  for  Varied  Flight  Conditions  -  Conventional  and  Fin-lfounted 
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Figure  5?  -  Variation  of  Propeller  JSfficiency  with  Advance  Ratio  and  Blade  Anglo  -  Conventional 
ar.d  Fin~lfcuntod  Propellers 
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Figure  60  -  Comparison  of  Apparent  Propeller  iif ficiencies  for  Varied  Flight  Conditiona 
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Figure  61  —  ''orptirisoc.  of  Horsepcm^r  I’equire..  iTaried  ConditlonB 


